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(57) ABSTRACT

A method of fabricating a CIGS thin film for solar cells
using a simplified co-vacuum evaporation process and a
CIGS thin film fabricated by the method are disclosed. The
method includes: (a) depositing Cu, Ga and Se on a substrate
having a substrate temperature ranging from 500° C. to 600°
C. through co-vacuum evaporation, (b) depositing Cu, Ga,
Se and In through co-vacuum evaporation while maintaining
the same substrate temperature as in step (a), and (c)
depositing Ga and Se through co-vacuum evaporation, fol-
lowed by depositing Se alone through vacuum evaporation
while lowering the temperature of the substrate. The method
can realize crystal growth and band-gap grading by Ga
composition distribution while simplifying process steps
and significantly reducing a film-deposition time, as com-
pared with a conventional co-vacuum evaporation process,
thereby providing improvement in process efficiency.
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1
METHOD OF FABRICATING COPPER
INDIUM GALLIUM SELENIDE (CIGS) THIN
FILM FOR SOLAR CELL USING

SIMPLIFIED CO-VACUUM EVAPORATION

AND COPPER INDIUM GALLIUM
SELENIDE (CIGS) THIN FILM FOR SOLAR

CELL FABRICATED BY THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This Application is a 371 National Stage Application of
International Application No. PCT/KR2013/000922, filed
on Feb. 5, 2013, published as International Publication No.
WO 2013/119024; and which claims priority to and the
benefit of Korean Patent Application No. 10-2012-0012466,
filed on Feb. 7, 2012.

BACKGROUND

1. Technical Field

The present invention relates to a method of fabricating a
copper indium gallium selenide (CIGS) thin film for solar
cells through co-vacuum evaporation and a CIGS thin film
for solar cells fabricated by the same. More particularly, the
present invention relates to a CIGS thin film for solar cells
fabricated using a simplified co-vacuum evaporation process
without deterioration in physical properties of crystal growth
of the thin film and band-gap grading by Ga distribution
while reducing process costs through simplification of pro-
cess steps and adjustment of evaporation elements.

2. Description of the Related Art

Recently, importance on development of next-generation
clean energy sources has increased due to the depletion of
fossil fuel reserves. Thereamong, a solar cell is a device that
converts solar energy directly into electricity. Solar cells can
serve as an energy source to solve energy problems in the
future, since they do not emit pollutants and rely upon the
sun.

A solar cell may be divided into a variety of kinds
depending upon materials used in a light-absorption layer,
and the most currently available solar cell is a silicon solar
cell. However, since silicon prices have been rising due to
shortage of high purity silicon, a thin film type solar cell is
drawing attention. The thin film type solar cell is fabricated
to a thin thickness and thus contributes to less material
consumption and light weight, thereby providing a wide
application range. Studies have been actively made as to
amorphous silicon, CdTe, CIS or CIGS as a material for such
a thin film solar cell.

CIS or CIGS is a I-III-VI compound semiconductor
material and has higher conversion efficiency than any other
thin-film solar cell materials experimentally prepared. Par-
ticularly, since the CIS or CIGS can be fabricated to a thin
thickness of 10 microns or less and can be stably operated
even after long term use, the CIS or CIGS is expected to be
a low-cost, high-efficiency solar cell material as an alterna-
tive to silicon.

Particularly, a CIS thin film is a direct transition type
semiconductor that can be made thinner, is suitable for
optical-conversion due to a band-gap of 1.04 eV, and exhib-
its high optical-absorption coefficient. CIGS is an alternative
to CIS in which a portion of In is substituted with Ga or Se
is substituted with S in order to improve low open circuit
voltage of CIS.

A CIGS thin film can be generally fabricated by vacuum
deposition or non-vacuum coating. Particularly, vacuum
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2

deposition may include co-evaporation, in-line evaporation,
a two-step process (precursor-reaction), and the like.
Thereamong, co-evaporation has been traditionally used to
fabricate a high-efficiency CIGS thin-film solar cell. How-
ever, co-evaporation has a problem of difficulty in commer-
cialization due to a complicated process and difficulty in
fabrication of a large area solar cell. To solve this problem,
a two-step (deposition/selenization) process facilitating
mass production has been developed.

Among current CIGS deposition processes, a high effi-
ciency technique having an efficiency of 20% or more is a
three-step co-vacuum evaporation process developed by
NREL wherein, in a first step, In, Ga, and Se are deposited,
in a second step, Cu and Se are deposited excessively
relative to a normal amount to promote crystal growth, and
in a third step, In, Ga, and Se are further supplied to a thin
film to adjust a composition of the CIGS thin-film. Particu-
larly, a Cu—Se compound formed in the second step has a
low melting point of about 523° C. or less, thereby causing
crystal growth of the CIGS thin-film through induction of
liquid-phase sintering of the compound. Thus, it has been
known that a V-type distribution of Ga in the composition of
the thin-film is obtained through such a three-step process,
thereby providing efficiency improvement through band-gap
grading.

However, considering mass production, since regulation
of flux of elements in each step is complex and thin-film
deposition requires a long time, the three-step process has a
drawback of high process cost. Therefore, there is a need for
a method of fabricating a CIGS thin film for solar cells
through a simplified process capable of realizing crystal
growth and band-gap grading by Ga composition distribu-
tion, while simplifying process steps and significantly reduc-
ing a film-deposition time.

BRIEF SUMMARY

The present invention has been conceived to solve such
problems in the related art, and an object of the present
invention is to provide a method of fabricating a copper
indium gallium selenide (CIGS) thin film for solar cells
using a simplified co-vacuum evaporation process capable
of realizing crystal growth and band-gap grading by Ga
composition distribution, while simplifying process steps
and significantly reducing a film-deposition time, as com-
pared with a conventional co-vacuum evaporation process.

In accordance with one aspect of the present invention, a
method of fabricating a copper indium gallium selenide
(CIGS) thin film for solar cells using a simplified co-vacuum
evaporation process includes: (a) depositing Cu, Ga and Se
on a substrate having a substrate temperature ranging from
500° C. to 600° C. through co-vacuum evaporation; (b)
depositing Cu, Ga, Se and In through co-vacuum evapora-
tion while maintaining the same substrate temperature as in
step (a); and (c) depositing Ga and Se through co-vacuum
evaporation, followed by depositing Se alone through
vacuum evaporation while lowering the temperature of the
substrate.

In step (a), the co-vacuum evaporation may be performed
for 2 minutes to 15 minutes.

In step (b), the co-vacuum evaporation may be performed
for 8 minutes to 30 minutes.

In step (¢), co-vacuum evaporation of Ga and Se may be
performed for 10 seconds to 180 seconds.

In step (c¢), vacuum evaporation of Se alone may be
performed until the substrate temperature is lowered to 200°
C.
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In accordance with another aspect of the present inven-
tion, a copper indium gallium selenide (CIGS) thin film for
solar cells is fabricated by a method including: depositing
Cu, Ga and Se on a substrate having a substrate temperature
ranging from 500° C. to 600° C. through co-vacuum evapo-
ration; depositing Cu, Ga, Se and In through co-vacuum
evaporation while maintaining the same substrate tempera-
ture as in the former step; and sequentially depositing Ga
and Se through co-vacuum evaporation, followed by depos-
iting Se alone through vacuum evaporation while lowering
the temperature of the substrate.

In accordance with a further aspect of the present inven-
tion, a solar cell includes a copper indium gallium selenide
(CIGS) thin film for solar cells fabricated by a method
including: depositing Cu, Ga and Se on a substrate having a
substrate temperature ranging from 500° C. to 600° C.
through co-vacuum evaporation; depositing Cu, Ga, Se and
In through co-vacuum evaporation while maintaining the
same substrate temperature as in the former step; and
sequentially depositing Ga and Se through co-vacuum
evaporation, followed by depositing Se alone through
vacuum evaporation while lowering the temperature of the
substrate.

The method of fabricating a CIGS thin film for solar cells
through co-vacuum evaporation according to the present
invention can realize crystal growth and band-gap grading
by Ga composition distribution while simplifying process
steps and significantly reducing a film-deposition time, as
compared with a conventional co-vacuum evaporation pro-
cess, thereby providing improvement in process efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
the present invention will become apparent from the detailed
description of the following embodiments in conjunction
with the accompanying drawings, in which:

FIG. 1 is a flowchart of a procedure of fabricating a
copper indium gallium selenide (CIGS) thin-film through
co-vacuum evaporation according to one embodiment of the
present invention;

FIG. 2 is a graph depicting a process profile of a CIGS
thin-film fabricated in Example 1;

FIG. 3 is a graph depicting a process profile of a CIGS
thin-film fabricated in Comparative Example 1;

FIG. 4 is a graph depicting a process profile of a CIGS
thin-film fabricated in Comparative Example 2;

FIG. 5 shows SEM images of side and upper surfaces of
the CIGS thin-film fabricated in Example 1;

FIG. 6 shows SEM images of side and upper surfaces of
the CIGS thin-film fabricated in Comparative Example 1;

FIG. 7 shows SEM images of side and upper surfaces of
the CIGS thin-film fabricated in Comparative Example 2;

FIG. 8 is a graph depicting AES analysis results of Ga
distribution in the CIGS thin-film fabricated in Example 1;

FIG. 9 is a graph depicting AES analysis results of Ga
distribution in the CIGS thin-film fabricated in Comparative
Example 1; and

FIG. 10 is a graph depicting AES analysis results of Ga
distribution in the CIGS thin-film fabricated in Comparative
Example 2.

DETAILED DESCRIPTION

Hereinafter, a method of fabricating a copper indium
gallium selenide (CIGS) thin-film for solar cells through
co-vacuum evaporation will be described with reference to
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FIG. 1. Referring to FIG. 1, the CIGS thin-film fabrication
method may include three steps.

First, Cu, Ga and Se are deposited on a substrate having
a temperature ranging from 500° C. to 600° C. through
co-vacuum evaporation (step (a)).

Here, co-vacuum evaporation is preferably performed for
2 minutes to 15 minutes.

Here, since the total process time to obtain a desired
thickness of the CIGS thin-film ranging from 1.0 micron to
2.5 microns ranges from 10 minutes to 40 minutes and the
process time of co-vacuum evaporation preferably ranges
from 20% to 40% of the total process time, i.e. 10 minutes
to 40 minutes, to obtain a sufficient Ga-grading effect, the
upper and lower limits of the co-vacuum evaporation time
are determined based on a minimum percentage of the
minimum process time and a maximum percentage of the
maximum process time. Here, the total process time may
vary depending upon the temperature of an effusion cell.

Next, Cu, Ga, Se and In are deposited through co-vacuum
evaporation while maintaining the same substrate tempera-
ture as in step (a) (step (b)).

Here, co-vacuum evaporation is preferably performed for
8 minutes to 30 minutes.

Here, since the total process time to obtain a desired
thickness of the CIGS thin-film ranging from 1.0 micron to
2.5 microns ranges from 10 minutes to 40 minutes and the
process time of the co-vacuum evaporation step (a) is thus
selected to be included in the total process time, the upper
and lower limits of the co-vacuum evaporation time are
determined based on a minimum percentage of the minimum
process time and a maximum percentage of the maximum
process time. Here, the total process time may vary depend-
ing upon the temperature of the effusion cell.

Finally, Ga and Se are deposited through co-vacuum
evaporation by blocking supply of Cu and In for a first
predetermined time, and Se is deposited alone through
vacuum evaporation by blocking supply of Ga, while low-
ering the temperature of the substrate (step (c)).

Co-vacuum evaporation of Ga and Se is performed for 10
seconds to 180 seconds, and vacuum evaporation of Se alone
is preferably performed until the substrate temperature is
lowered to 200° C.

Here, the upper and lower limits of the process time of
co-vacuum evaporation of Ga and Se are determined based
on the total process time to obtain a desired thickness of the
CIGS thin-film ranging from 1.0 micron to 2.5 microns. If
the process time is less than 10 seconds, the Ga-grading
effect cannot be obtained at an interface of the thin-film.
Further, if the process time is longer than 180 seconds, the
content of Ga excessively increases, so that the overall
composition of the CIGS thin-film can greatly deviate from
an optimum composition.

The deposition rate of each element in the respective steps
may be controlled in response to variation in temperature of
the effusion cell.

The CIGS thin-film for solar cells is fabricated by the
method described above. In fabrication of the CIGS thin-
film, in an initial deposition stage of Cu, Ga and Se, an
excess of Cu is supplied to promote crystal growth in the
thin-film and the Ga-grading effect on a Mo rear electrode
can be obtained by blocking supply of In. Further, in the step
of lowering the substrate-temperature, i.e. in step (c), Ga is
first supplied in a small amount, thereby providing the
Ga-grading effect on the surface of the thin film.

Herein, the Ga-grading effect means improved perfor-
mance through increase in open circuit voltage and reduc-
tion in recombination due to increase in band-gap on the
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surface of a CIGS-based light-absorptive thin film for solar
cells, and through improved electron mobility by increase in
band gap on the rear electrode side, which are obtained by
realizing a double grading band-gap through modification of
band-gap by control of the Ga/(In+Ga) ratio in the CIGS
thin-film.

In another aspect, the present invention provides a CIGS
thin-film for solar cells fabricated by the method described
above.

In a further aspect, the present invention provides a solar
cell using the CIGS thin-film fabricated by the method
described above.

The present invention will be described in more detail
with reference to examples.

EXAMPLE 1

First, a Mo rear electrode was deposited to a thickness of
about 1 um on a soda lime glass substrate by direct current
(DC) sputtering.

Next, Cu, Ga and Se were first deposited on the glass
substrate at 550° C. for 10 minutes through co-vacuum
evaporation, and Cu, Ga and Se were additionally deposited
together with In for 20 minutes. Then, supply of Cu and In
was stopped and the substrate temperature was lowered.
After 100 seconds, supply of Ga was stopped. Here, the
temperature of an effusion cell was set to 1470° C. for Cu,
1195° C. for In, 1180° C. for Ga, and 190° C. for Se.

A process profile of the CIGS thin-film according to
Example 1 is shown in FIG. 2.

COMPARATIVE EXAMPLE 1

The same substrate as in Example 1 was prepared, and Cu,
In, Ga and Se were deposited on the substrate at 550° C. for
30 minutes through co-vacuum evaporation. While lowering
the substrate temperature, supply of elements other than Se
was stopped. A ratio of respective elements was adjusted and
optimized by controlling the temperature of an effusion cell.
Here, the temperature of the effusion cell was set to 1500°
C. for Cu, 1195° C. for In, 1180° C. for Ga, and 190° C. for
Se.

The process profile of the CIGS thin-film according to
Comparative Example 1 is shown in FIG. 3.

COMPARATIVE EXAMPLE 2

Comparative Example 2 relates to a method of fabricating
a CIGS thin-film using a conventional three-step co-vacuum
evaporation process.

First, the same substrate as in Comparative Example 1
was prepared, and In, Ga and Se were deposited on the
substrate at 350° C. for 15 minutes through co-vacuum
evaporation. Next, after supply of In and Ga was stopped,
the substrate temperature was increased such that Cu and Se
were deposited at 550° C. for 26 minutes and 30 seconds.
Next, after supply of Cu was stopped, In, Ga and Se were
additionally deposited for 8 minutes and 30 seconds. While
lowering the substrate temperature, supply of elements other
than Se was stopped. A ratio of respective elements was
adjusted and optimized by controlling the temperature of an
effusion cell. Here, the temperature of the effusion cell was
set to 1525° C. for Cu, 1195° C. for In, 1180° C. for Ga, and
190° C. for Se.

The process profile of the CIGS thin-film according to
Comparative Example 2 is shown in FIG. 4.
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Comparative Analysis of CIGS Thin-Film
Morphology

SEM images for side and upper surfaces (a and b) of the
CIGS thin-films for solar cells fabricated in Example 1 and
Comparative Examples 1 and 2 are shown in FIGS. 5, 6, and
7, respectively.

As compared with the structure of the CIGS thin-film of
Comparative Example 1 in which Cu, In, Ga and Se were
simply evaporated at a predetermined temperature, the struc-
ture of the CIGS thin-film of Example 1 shows that crystal
growth was sufficiently performed and the number of vacan-
cies in a crystal structure was very small. This structure is
very similar to that of the CIGS thin-film of Comparative
Example 2 that is obtained through the three-step co-vacuum
evaporation process.

Conversely, the CIGS thin-film of Comparative Example
1 shows that the size of crystal grains was relatively small
and there were many vacancies between grains. It is con-
sidered that this is because the CIGS thin-film of Compara-
tive Example 1 failed to obtain a flux effect of a Cu—Se
compound, which can be obtained by a conventional three-
phase co-vacuum evaporation process as in Comparative
Example 2.

That is, the CIGS thin-film of Example 1 shows that
crystal growth in the thin-film was sufficiently performed
even by a simplified process in which process-number is
simplified and process time is also shortened, as compared
with the conventional three-step co-vacuum evaporation
process.

Auger Electron Spectroscopy (AES) Analysis for
Ga Distribution in CIGS Thin-Film

Ratios of Ga to other elements in a CIGS thin-film
depending upon depth of the thin-film of Example 1, Com-
parative Example 2 and Comparative Example 3 are shown
in FIGS. 8, 9, and 10. Here, sputtering time is proportional
to a vertical distance from the surface of the CIGS thin-film.

It can be seen that Example 1 shows a V-type profile in
which the surface and the Mo rear electrode exhibit a
relatively high composition ratio of Ga. This profile is
similar to that of Comparative Example 2 obtained by the
conventional three-step co-vacuum evaporation process.
Such a composition distribution can provide band-gap grad-
ing by Ga distribution. However, Ga distribution as in
Comparative Example 1 cannot provide the Ga-grading
effect.

That is, it can be seen that the CIGS thin-film of Example
1 exhibited band-gap grading by adjusting the Ga distribu-
tion in the thin-film to a V-type distribution, thereby increas-
ing operation efficiency of a solar cell, while simplifying
process steps and shortening a process time, as compared
with the conventional three-step co-vacuum evaporation
process.

Although some embodiments have been described above,
it should be understood that these embodiments are given by
way of illustration only, and that various modifications,
variations, and alterations can be made without departing
from the spirit and scope of the present invention. The scope
of the present invention should be limited only by the
accompanying claims and equivalents thereof.

What is claimed is:

1. A method of fabricating a copper indium gallium
selenide (CIGS) thin film for solar cells using a simplified
co-evaporation in a vacuum process, the method compris-
ing:
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(a) depositing Cu, Ga and Se without In on a substrate
having a substrate temperature ranging from 500° C. to
600° C. through co-evaporation in vacuum;

(b) depositing Cu, Ga, Se and In through co-evaporation
in vacuum while maintaining the same substrate tem- 5
perature as in step (a); and

(c) depositing Ga and Se through co-evaporation in
vacuum by blocking or stopped a supply of Cu and In
for a selected time, followed by depositing Se alone
through vacuum evaporation while lowering the tem- 10
perature of the substrate.

2. The method according to claim 1, wherein, in step (a),

the co-evaporation in vacuum is performed for 2 minutes to
15 minutes.

3. The method according to claim 1, wherein, in step (b), 15
the co-evaporation in vacuum is performed for 8 minutes to
30 minutes.

4. The method according to claim 1, wherein, in step (c),
co-evaporation in vacuum of Ga and Se is performed for 10
seconds to 180 seconds. 20

5. The method according to claim 1, wherein, in step (c),
vacuum evaporation of Se alone is performed until the
substrate temperature is lowered to 200° C.

6. A CIGS thin film for solar cells fabricated by the
method according to claim 1. 25
7. A solar cell comprising the CIGS thin film for solar

cells fabricated by the method according to claim 1.

#* #* #* #* #*



